
Pure & Appl. Chern., Vol. 65, No. 4, pp. 691498, 1993. 
Printed in Great Britain. 
@ 1993 IUPAC 

Some new concepts in the chemistry of the p-block 
elements 

Hubert Schmidbaur 

Anorganisch-chemisches Institut, Technische Universitgt 
Munchen, Lichtenbergstrasse 4, D-8046 Garching, Germany 

Abstract 

O f  all e l e m e n t s  in t h e  P e r i o d i c  T a b l e ,  t h e  c h e m i s t r y  o f  t h e  
First R o w  E l e m e n t s  o f  t h e  p-block (i.e. b o r o n  t o  f l u o r i n e )  
is k n o w n  t o  f o l l o w  c l a s s i c a l  r u l e s  of b o n d i n g  m o s t  c l o s e l y ,  
and it w a s  for t h e s e  e l e m e n t s  t h a t  e. g. t h e  O c t e t  R u l e  
( L e w i s )  and s t a n d a r d  c o o r d i n a t i o n  n u m b e r s  and g e o m e t r i e s  
(Van't Hoff, Le E e l )  h a v e  f i r s t  been p r o p o s e d .  O n l y  in ex- 
t r e m e  e l e c t r o n - d e f i c i e n t  s i t u a t i o n s  t h e  t r a d i t i o n a l  e l e c -  
t r o n  c o u n t  had t o  b e  r e c o n s i d e r e d  t o  a c c o u n t  f o r  s p e c i a l  
t y p e s  o f  m o l e c u l a r  o r  s o l i d  s t a t e  s t r u c t u r e s .  R e c e n t  w o r k  
has s h o w n ,  however, t h a t  h y p e r c o o r d i n a t i o n  o f  small F i r s t  
R o w  E l e m e n t s  c a n  a l s o  b e  d e t e c t e d  in s i m p l e  c o m p o u n d s  w i t h  
t h e  v e r y  heavy L a t e  T r a n s i t i o n  Elements. T h o u g h  b e i n g  iso- 
lobal a n a l o g u e s  of t r a n s i e n t  s p e c i e s  l i k e  CH,+, C H s 2 + ,  
N H s a r ,  ( p H , * + ,  P H s 3 + ) ,  o r  OH,*+, t h e s e  c o m p l e x e s  s h o w  s t u n -  
ning stability. T h e  r e s u l t s  o f  detailed s p e c t r o s c o p i c  inve- 
s t i g a t i o n s  and s t r u c t u r a l  w o r k ,  t o g e t h e r  w i t h  a t h o r o u g h  
t h e o r e t i c a l  t r e a t m e n t  i n c l u d i n g  r e l a t i v i s t i c  e f f e c t s ,  n o t  
o n l y  a l l o w  a c o n s i s t e n t  a c c o u n t  of t h e  d a t a  a c c u m u l a t e d  t o  
d a t e ,  but lead a l s o  t o  p r e d i c t i o n s  r e g a r d i n g  o t h e r  n o v e l  
species. 

INTRODUCTION 

Heteroatoms in molecules may serve as centers for derivatization 
in many ways. I n  standard reactions using nucleophiles and elec- 
trophiles the heteroelements are thereby transformed into new 
functionalities or eliminated to leave a molecule with a new 
structure. Generally, these transformations follow classical 
rules of stoichiometry, valency, and structure. This is particu- 
larly true for the light atoms of the early rows i n  the Periodic 
Table, with the Octet Rule as a prominent example. 

I n  the course of studies of the chemistry of the very heavy Post- 
Lanthanide metals it has recently been found, that reactions with 
compounds of these elements lead to products of unexpected compo- 
sition, a s  functional groups become excessively metallated beyond 
the standard valency and coordination numbers. The effect is most 
pronounced with univalent gold A u +  as a ligand to First and Se- 
cond Row Elements, for which a complete 'gilding' of atoms can be 
observed, with coordination numbers e.g. equal to, but also i n  
excess of four for carbon and nitrogen ( 1 ) .  
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